We sought to determine the effects of smoking on surfactant lipids and proteins in saliva. Levels of sphingomyelin (Sph) phosphatidylcholine (PC) and lyso-PC (LPC) were determined by thin layer chromatography. Levels of surfactant protein A (SP-A) were determined by western analysis using antibodies specific for SP-A. Significance of the results was determined by the student′s t-test.
Introduction
Oral mucositis (OM) is a condition associated with painful mouth ulcers and inflammation that occurs in many individuals, one of the unfortunate consequences of cancer therapies is the development of painful mouth sores associated with Xerostomia (also called ″drymouth ″ by some). Dry mouth also is a common condition of patients with Sjögren′s syndrome, and also is a side effect of: a number of medications (called xerogenics such as; anticholinergics, H-2 blockers anti-depressants and sympathetic agonists). Cancer patients who receive chemotherapy or radiation therapy for head and neck tumors, breast cancer or hematologic malignances are at very high risk to develop long-term and severe oral mucositis. They are medically compromised and often with complex medical history. Dry mouth occurs more commonly in women (up to 30%), smokers and the elderly. evidence that saliva contains significant concentrations of Surface-Active Phospholipids (SAPLs), notably phosphatidylcholine (PC), whose physiological functions in the oral cavity have yet to be elucidated. In other portions of the gastrointestinal tract, PC is known to form a protective hydrophobic layer that is crucial for maintenance of the tissue′s barrier properties against luminal insults such as acid and microbes. In contrast LysoPC (LPC) is injurious to biological membranes. The PC/LPC ratio has been used in pulmonary medicine and other fields as an index of conditions leading to membrane injury [3] . In the lung, the surface-activity of PC and related polar lipids are known to be increased in the presence of specific surfactant-association proteins (SPs) (notably SP-A, -B, -C and -D). It is known that lung tissue express and secrete a family of surfactant-associated proteins (SPs), which associate with PC and related SAPL to promote the spreading and biological activity of these surfactant-lipids on the alveolar surface [4] . The hydrophobic SPs (SP-B & SP-C) directly act with SAPLs to enhance their surface-activity while the hydrophilic SPs (SP-A and SP-D) have critical roles regulating secretion and recycling of surfactant lipids and in innate immunity and protection against environmental insults [5] , [6] . Our preliminary data showed that SPs are present in salivary gland. There are numerous oral symptoms that can occur in medically complex patients, which frequently is associated with smoking, taking certain medications (such as; anti-cholinergics, H-2 blockers antidepressants and sympathetic agonists), chemotherapy or radiation therapy for head and neck or hematological cancers.
These symptoms can include local pain, hyposalivation, changes in saliva composition, dysphagia, taste alterations, and mucositis [7] , [8] . Oral mucositis is perhaps the most severe oral side effect of cancer treatment and consists of painful inflammation and ulceration of the mucous membranes lining the oral cavity [9] , [10] . However, patients taking multiple medications and medically compromised have shown to present similar clinical symptoms. It contributes to patient pain and discomfort and can lead to infections with viruses, bacteria or fungi, and in severe cases, systemic septicemia. Oral mucositis can make it difficult to eat and speak and cause weight loss. For many patients, severe oral mucositis becomes limiting on the dosage of xenogenic medications and chemotherapy, requiring treatment modifications and compromises to prognosis.
Objectives
Saliva contains surfactant phospholipids and surfactant-associated proteins, which gives saliva the ability to spread efficiently over the mucous membranes lining the oral cavity providing protection against a variety of insults [11] . Tobacco smoke provides may damage the mucus lining of the oral mucosa, in part because it increases temperature inside the mouth and burns tissues. In the clinical examination tobacco users have: hyperpigmentosis, black hairy tongue, superficial glossitis, periodontitis, leucoedema, nicotinic stomatitis, leukoplakia or neoplasm [12] . Smoking leads to oral mucositis, which can be responsible for progress to oral cancer. Oral mucositis consists of painful inflammation and ulceration of the oral cavity resulting from reduced production and altered composition of saliva. We sought to determine the effects of smoking and gender on surfactant lipids and proteins in saliva to address the hypothesis that these activities reduce the composition of saliva of these critical and probable protective factors, leading to altered saliva composition that may lack the protective properties necessary in the oral cavity. A finding of reduced PC and related SAPLs and SP concentration and/or output in saliva, or alternatively an increase in the levels of cytotoxic LPC and pro-apoptotic ceramides, will support our hypothesis of the significance of PC, related SAPLs, and SPs for oral health and suggest that supplying a form of exogenous PC, potentially, could be beneficial for maintaining oral health for these medically compromised patients. The saliva of smokers has shown a reduction in the content of PC, certain other SAPLs, and potentially an increase in the levels of cytotoxic LysoPC and pro-apoptotic ceramides. The possibility that the ratio of PC/LysoPC may be shifted in mucositis patients seems quite likely as the rate-limiting enzyme, phospholipase, in the conversion of PC to LysoPC is increased during periods of inflammation [3] .
Methods
Saliva samples of patients presenting in Assessment Clinic at UTHealth School of Dentistry at Houston (UTSD) were collected after approval of IRB from smoking and non-smoking subjects. Samples snapped frozen upon collection for SP analysis for subsequent Western Blotting. Levels of sphingomyelin (Sph) phosphatidylcholine (PC) and lyso-PC (LPC) were determined by thin layer chromatography [13] . Levels of surfactant protein A (SPA) were determined by ELISA (BioVendor Laboratory Medicine, Inc., cat #RD191139200R). Significance of the results was determined by the student′s t-test.
Results
While changes in levels of LPC, Sph and PC differed very little between non-smokers and smokers, the PC/LPC ratio had a tendency to be lower in smokers compared to non-smokers. When the data was stratified by gender, there was no difference in levels of Sph and PC in saliva between male and female smokers, however, LPC levels were significantly higher in females smokers compared to male smokers, leading to a significant decreased PC/LPC ratio in female smokers. In addition, levels of SP-A were reduced in both male and female smokers compared to non-smokers, although significance was not met.
Conclusions
Smoking alters SP-A and phospholipid concentration, notably PC/LPC ratios in saliva, we also detected a smoking-related statistically significant decrease in the PC/LPC in female subjects that was not evident in males (Figure 1 ). SP-A levels were decreased in both men and women who were smokers′ vs non-smokers, which did not reach statistically difference (Figure 2 ). These results suggest that smoking alters the composition of saliva in a manner that may reduce protection of the oral cavity, which may explain why women smokers are at greater risk of developing oral mucositis. In the future, a finding of reduced PC and related SAPLs and SP concentration and/or output in saliva, or alternatively an increase in the levels of cytotoxic LPC and pro-apoptotic ceramides (e.g. SM), will support our hypothesis of the significance of PC, related SAPLs, and SPs for oral health, and suggest that surfactantreplacement strategy could be beneficial for maintaining oral health of medically compromised patients.
